Newborn Holstein bull calves were fed either analytical pentachlorophenol (aPCP) or technical pentachlorophenol (tPCP) for 6 wk to establish and compare the clinical and pathologic manifestations of toxicity. Four groups of three calves/group were each fed either 1 or 10 mg.(kg body weight) -1 od -I of either aPCP or tPCP. A fifth group served as control. Dosages of both PCP preparations were normalized to contain equal concentrations of PCP. Toxic effects were observed only at the 10 mg/kg dose in the tPCP-treated calves. These effects included decreased body weight gain, anorexia, decreased serum protein concentration, elevated serum gamma glutamyl transferase, and decreased triiodothyronine (T 3) and thyroxine (T,) concentrations. Histologlc lesions included cortical atrophy in the thymus and squamous metaplasia and hyperkeratous changes in the Meibomian gland of the eyelid. Thyroid function, which was assessed in vivo by measuring the rate of T 3 and T 4 production over 4 h after thyrotropin-releasing hormone (TRH)-challenge, was not impaired suggesting an extrathyroidal site of toxic action. Although serum chemistry indicators were suggestive of hepatic injury there were no discernable lesions. Organ weight analyses were inconclusive but there was a tendency toward enlargement of liver, kidneys and thyroid and decreased weight of lungs, spleen and thymus. A toxic effect clearly related to PCP and not its contaminants was depressed active transport of p-aminohippurate measured in kidney slices in vitro. Steady state concentrations of PCP in serum were about 40 and 90 ppm for the 1 and 10 mg/kg groups, respectively. Concentrations of PCP among the major organs were comparable.
Introduction
Pentachlorophenol (PCP) is a fungicide and bacteriocide, with most of the 21.2 million kg manufactured annually in the United States used for wood preservation (Cirelli, 1978; U.S. International Trade Commission, 1981) . Of the estimated 2.27 million m 3 of wood treated with PCP in 1978, 93% was classified as poles, fence posts, lumber and timber (Environmental Protection Agency, 1980 SAppreciation is expressed by the authors to Mr. Donald Kirsch and Dr. John Gill for their assistance with the statistical evaluation of the data.
Received November 30, 1984 . Accepted August 22, 1985 ment effectively extends the life of wood, particularly in high-moisture conditions, construction of livestock housing and feeding facilities with treated wood is commonplace. A 1980 survey of Grade A dairy farms in Michigan revealed that approximately 50% of the farms had PCP-treated wood in their livestock facilities . On farms, livestock may be exposed to preservative chemicals by casual contact with treated building components such as fences, feed bunks, or freestalls, or by consumption of contaminated feed that was stored in treated structures such as bunk silos. Commercial technical grade PCP is a mixture of chemicals including 85 to 90% PCP, 10 to 15% tri-and tetrachlorophenols, and a small percentage (<1%) of non-phenol impurities, namely chlorinated dibenzo-p-dioxins (CDD), chlorinated dibenzofurans (CDF) and chlorinated diphenyl ethers (Firestone et al., 1972 (Firestone et al., , 1979 Johnson et al., 1973; Plimmer et al., 1973; Kinzell et al., 1981) . Studies in laboratory animals suggest that the nonchlorophenol impurities are more chronically toxic than the 1587 JOURNAL OF ANIMAL SCIENCE, Vol. 61, No. 6, 1985 aAnalysis as reported by Kinzell et al. (1981) . bAnalysis by the Dow Chemical Co., Midland, MI; personal communication, Dr. Robert L. Johnson.
chlorophenols due to bioaccumulation (Johnson et al., 1973; Schwetz et al., 1973; Goldstein et al., 1977) . Cases of impaired health in cattle suggestive of environmental exposure to PCP-treated wood as the causative agent have been reported (Thomas et al., 1977; Amstutz, 1980) . Residues of PCP and CDD were found in dairy cattle on one farm in Michigan (Hass et al., 1978) . Among the alleged toxic effects reported by Thomas et al. (1977) was high mortality in newborn calves. Although a number of studies have examined the toxicology of PCP preparations in cattle (Osweiler et al., 1977; Firestone et al., 1979; McConnell et al., 1980; Forsell et al., 1981; Kinzell et al., 1981; Osweiler et al., 1984) , none has dealt with the newborn calf.
Materials and Methods
Cbemicals. The CDD content of technical grade pentachlorophenol (tPCP; an industrial composite donated by the American Wood Preservers Institute) and analytical grade pentachlorophenol (aPCP) 6 is shown in table 1. Radiolabelled (ns I) thyroxine (T4)7 and triiodothyronine (T 3)7 had specific activities of 750 mCi/mg and 550 mCi/mg, respectively.
Calves. Fifteen newborn Holstein bull calves averaging 7 d of age were randomly assigned to five treatment groups as follows: control, 1.0 Aldrich Chemical Co., Milwaukee, WI ; lot 032487. New England Nuclear, Boston, MA. Initially, the dosages were 2,0 and 20.0 mg/kg but dosages were lowered to 1 and 10 mg/kg after 5 d when two calves, one each in the 20 mg/kg aPCP and tPCP groups, succumbed apparently from acute PCP toxicosis. The replacement calf in the aPCP group also did not survive the 5-d treatment period, leaving only two rather than three calves in this treatment group. All of the calves were housed individually in manure-pack pens in a well-ventillated, warm, enclosed barn. No PCP-treated wood was present in the facility.
The calves were fed an amount of milk equivalent to 8% of their body weights throughout the experiment. Toward the end of the experiment, as calves in the 10 mg/kg tPCP group became anorexic, milk was fed by intubation. At d 20 of the experimental period, the calves were offered a standard calf starter ration ad libitum in addition to the milk. The composition of the calf starter ration was ground shelled corn (37.75%), ground corn (28%), soybean meal (20%), alfalfa meal (6%), dicalcium phosphate (1%), limestone (.85%), trace mineralized salt (.7%), magnesium oxide (.2%), vitamin A, D and E premix (.5%), and cane molasses (5%). Water was provided at all times.
Dosing. The doses of aPCP and tPCP were adjusted to deliver equivalent amounts of PCP'(kg body weight) -1 "d -1 based on the PCP content given in table 1. Each of the PCP preparations was dissolved in corn oil, added to the milk, and fed twice daily. The calves were weighed and the dosages adjusted accordingly at 5-d intervals. Control calves received an amount of corn oil equivalent to the treated calves.
Sampling Procedures and Measurements. Blood was taken by venipuncture with sterile 20-ml Vacutainers prior to dosing and at 5-d intervals during the experiment. Serum was stored frozen in glass vials for later PCP, T3 and T4 analysis. During the last week of the experiment, the calves were placed in metabolism stalls; 24-h urine volumes were determined and subsamples were taken for urinalysis.
After 35 d of treatment, the calves were challenged with thyrotropin-releasing hormone (TRH) ~ to examine thyroid response. A dose of 150 ng/kg body weight TRH in saline solution was administered intravenously. A jugular cannula 9 approximately 7.1 cm in length was inserted through a 5.91-cm 14-gauge, thinwalled needle. Prior to TRH administration, three blood samples were taken to establish basal T 3 and T4 concentrations. Post-administration 10-ml samples were taken at 10, 20, 30, 45, 60, 90, 120, 150, 180, 210 and 240 min. Sodium citrate (3.5% solution) was used to prevent blood clotting in the cannula. Serum samples were analyzed for T 3 and T 4 concentrations by radioimmunoassay (Leung et al., 1980) . Standards and antibodies of Ta and T4 were purchased from a commercial supplier 1~ Quantitation of 12si was accomplished using a gamma counter 11 .
Blood for hematologic and clinical chemistry measurement was collected from the jugular vein during the last week of the experiment. On d 42 and 43 all calves were killed by electrocution, exsanguinated and examined for grossly visible lesions. Liver, lung, kidney, spleen, thyroid, thymus and brain were removed intact, trimmed of excess fat and connective tissue and weighed. Representative tissue samples selected for histologic examination included lung, liver, kidney, heart, spleen, adrenal, mesenteric lymph node, reticulum, rumen, omasum, abomasum, small intestine, large intestine, gall bladder, urinary bladder, ureter, skeletal muscle, thyroid, thymus, skin, eyelid and brain. All tissue samples were fixed in 10% buffered formalin. Paraffin-embedded sections of 6 /am thickness were routinely prepared and stained with hematoxylin and eosin for histologic examination under a light microscope. Samples of liver, lung, kidney, spleen, thyroid, thymus, brain, bone marrow, lymph, fat and muscle were frozen in airtight containers for PCP analysis.
Kidney function was measured in vitro using slices collected at necropsy. Ammoniagenesis and accumulation of p-aminohippurate and tetraethylammonium (TEA) were measured according to previously described procedures (Kinzell et al., 198i) . Gtuconeogenesis was measured according to the method of Kuo et al. (1983) .
Pentachlorophenol in serum and tissues was extracted and quantitated as total PCP (i.e., the combined fraction of conjugated and unconjugated PCP). One milliliter of serum was combined with .22 ml of concentrated sulfuric acid and heated at 85 C in a water bath for 3 h. After cooling to room temperature, 1 ml of 30% saline and 3 ml of benzene (containing .5 ~tg lindane/ml, an internal standard) were added and the mixture extracted for 2 h is. After setting for 8 h at room temperature, a subsample of the benzene phase was analyzed for PCP content by gas chromatography (GC). To remove lipid from tissues, 1.0 ml of aqueous tissue homogenates (3:1, tissue:water, w/v) prepared by a Willems Polytron homogenizer ~6 were combined with 1 ml of 30% saline, .3 ml of 1 N sodium hydroxide, and 10 ml of hexane. This mixture was extracted for 30 min, the hexane discarded and hexane-extracted two additional times 9 Finally, the aqueous tissue samples were acid-hydrolyzed, extracted into benzene and analyzed for PCP in the same manner as serum. Recovery percentages of PCP u, in serum and all tissues were determined experimentally and were used to adjust the data. Benzene extracts of serum and tissues were analyzed on a Varian 3700 GC equipped with a 63 Ni pulsed elctron capture detector. A Varian CDS-111 microprocessor coupled to the w < GC was used to compute PCP concentrations 9 z The column was a 1. Decreased growth rate in the 10 mg/kg tPCP calves was commensurate with a decrease in grain consumption measured the last 3 wk (table 3) . Signs of acute PCP toxicity were observed in some of the calves fed 20 mg/kg. The calves that succumbed had temperatures greater than 41 C and rapid respiration after becoming moribund. In addition, acute purulent pneumonia and severe diarrhea were present. On the basis of postpartum evaluation, cause of death was believed to be pneumonia. One of the 10 mg/kg tPCP-treated calves was moribund after 6 wk, at the time of scheduled necropsy.
Shown in figure 1 are the serum concentrations of PCP in the five groups of calves. These values are total PCP concentrations, which are composed of both unconjugated (benzeneextractable from acidified serum) PCP and conjugated (acid-hydrolyzed under heat and then benzene-extracted) PCP. The higher concentrations at d 5 reflect the 20 mg/kg dosage administered the first 5 d of the experiment. Steady state concentrations were achieved within 5 d. Although the data are not shown, the percentage of unconjugated PCP of the total PCP concentration in the serum of the 1 mg/kg calves was 60.8% (+ 1.5 SE) for the aPCP group and 57.1% (+-3.9 SE) for the tPCP group. The control calves were exposed to PCP as indicated by the rise in blood concentrations after d 15. The route of exposure was probably inhalation of PCP that had volatilized from urine or feces excreted by treated calves. This is not unexpected because the calves were housed adjacent to each other in the same building. Because milk-feeding buckets were not shared among the calves, oral cross-contamination can be ruled out. Also, the facilities were constructed of untreated wood.
Effects of PCP treatments on serum T3 and T 4 concentrations are tabulated in table 4. The serum T 3 pattern over the 35-d period was similar in all groups except the 10 mg/kg tPCP-treated calves. There was a substantial decline of T3 concentrations during the 10-to 20-d period, followed by a slight increase during the 25-to 35-d period. In the 10 mg/kg tPCP calves, the final concentrations decreased (P<.05) to 28% of the pretreatment concentrations, whereas the other groups were >/65% of pretreatment T 3 concentrations. Serum concentrations of T4 were quite consistent over the 35-d period except in the calves fed 10 mg/kg tPCP, where the concentrations decreased by more than 60% after 25 d.
Thyroid function was further evaluated by testing thyroid responsiveness to a challenge dose of TRH. Concentrations of T3 and T4 in blood following TRH administration steadily increased over a 240-min period (table 5) . Although the initial concentrations of both T3 and T4 were suppressed in the 10 mg/kg tPCP calves, the net concentration increases of the two hormones over 240 min in response to Venous blood and urine obtained during the final week of PCP exposure were used for various hematologic and clinical chemistry measurements (table 6). All of the hematologic values were either within the normal range of values for calves cited by Schalm et al. (1975) or did not differ significantly from controls. The most marked changes were decreased serum concentrations of total protein and albumin and increased activity of gammaglutamyl transferase (GGT). Compared with control values for these parameters, the greatest changes were found in the calves fed 10 mg/kg tPCP. The protein values were below the normal range for bovines as reported by Duncan and Prasse (1977) . Although there appeared to be a trend of decreasing globulin concentrations with increasing PCP exposure, the differences were not statistically significant. Compared with control calves, serum GGT was elevated about fivefold in the 10 mg/kg tPCP treated calves. No other blood or urine parameters differed significantly from controls,
The major organs were collected and weighed at necropsy (table 7) . Because of the treatment effect on body weight in the 10 mg/kg tPCP calves, weight as a percentage of brain weight rather than body weight are given. Liver, kidneys and thyroid tended to be enlarged, whereas, lungs, spleen and thymus tended to bValues are the mean concentrations in serum samples collected at 60, -30, and 0 rain before TRH administration.
CDifference between initial concentrations of T 3 or T 4 (b) and highest levels measured within 240 rain after TRH administration. dMean + SE.
eDifferent from control (P<.10).
fDifferent from control (P<.05).
decrease in size. The most dramatic change, thymic atrophy, was observed in the calves fed 10 mg/kg tPCP. Of the two calves fed 10 mg/kg aPCP, extreme thymic atrophy was evident in only one calf. No other macroscopic changes were evident in these tissues. Microscopic examination revealed histologic changes in the thymus and Meibomian gland of the eyelid. These changes were observed in all three calves fed 10 mg/kg tPCP but not in any of the others. There was a marked depletion of lymphocytes in the cortical region of the thymus (figure 2). The epithelial lining of the ducts of the Meibomian gland had undergone squamous metaplasia (figure 3). Also the ducts were dilated and filled with keratinaceous debris (figure 3). There was no evidence of histologic change in the thyroid.
Kidney function was evaluated postmortem using slices of renal tissue (table 8). The decreased (P<.05) uptake of p-aminohippurate (PAH) in the slices of 10 mg/kg PCP-treated calves is indicative of a PCP effect on renal active transport processes. A less significant decrease in uptake of tetraethylammonium (TEA), also an energy dependent process, was measured. Neither gluconeogenesis nor ammoniagenesis, which are indicators of general metabolic function, were affected by PCP.
Concentrations of total PCP (conjugated and unconjugated) in various tissues are given in table 9. Liver, lung and kidneys contained the highest concentrations and were comparable. Except for the thymus, there were no differences between PCP concentrations in tissues from aPCP-and tPCP-treated calves. Thymic tissue from the 10 mg/kg tPCP calves appeared to bioconcentrate PCP. However, as indicated in table 7, thymus weight was decreased by 82% in the 10 mg/kg tPCP calves.
Discussion
The results of this study confirm the findings of others that the impurities in technical preparations of PCP are largely responsible for the toxic effects observed after subchronic exposure. This has been clearly demonstrated in laboratory animals (Johnson et al., 1973; Goldstein et al., 1977; Kimbrough and Linder, 1978) and in yearling Holstein heifers . Moreover, many of the same clinicopathologic effects observed in newborn calves were previously described in yearling and adult cattle (Kinzell et al., 1981) . Clinicopathologic effects that are clearly attributable to the impurities in tPCP include impairment of feed 
+~ +* hDifferent from 1 mg/kg tPCP (P<.05).
intake and weight gain; suppression of systemic concentrations of T3, T4 and serum proteins, and elevation of serum GGT. The most notable effect caused by aPCP was partial inhibition of an energy-dependent anion transport system in the kidney. In addition, hepatic microsomal mixed-function oxidases of the cytochrome P448-type were strongly responsive to tPCP and moderately responsive to aPCP . This study was concerned with the toxicity of PCP in preweaned calves, i.e., the first 6 wk of life. Part of the rationale was that newborn calves might be significantly more sensitive to PCP or its contaminants than older cattle. This was reported to be the case in swine (Schipper, 1961) . Specifically, the capacity of neonates for metabolism and elimination of xenobiotics is generally not well developed at birth (Testa and Jenner, 1976) . Also lacking is the protection afforded by the rumen microflora which is known to have a significant effect on the fate and toxicity of many organic xenobiotics (Williams, 1977) . Moreover, the immune system in calves is not entirely developed at birth (Wells et al., 1977; Jensen, 1978; Renshaw et al., 1978; Tizard, 1982) , which could exacerbate the immunotoxic potential of toxicants such as those in tPCP. This question was specifically addressed and the data will be presented in a subsequent report (J. H. Forsell, B. J. Hughes, J. R. Kateley and L. R. Shull; unpublished data). The other part of our rationale is related to the exposure potential of calves on modern dairy farms. Exposure to PCP could be quite high due to uninterrupted confinement of calves in chemically treated pens or buildings, coupled with the tendency of calves to lick or chew on inanimate objects. In their survey of approximately 6,000 Michigan dairy farms, Shull et al. (1981) reported that calves were confined in pens constructed of PCP-treated wood on 4.8% (nearly 300) of the farms.
Impairment of growth clearly distinguished aPCP from tPCP, but the effect required 3 wk of exposure before it became discernible. Moreover, it seemed to coincide with the onset of anorexia. The calves consumed very little grain free choice, and growth rate was negligible during the 3-to 6-wk period. Moreover, during the last week, two of the three calves had to be force-fed their daily milk allocation. In a similar study, involving yearling heifers fed 15 mg/kg tPCP for 160 d, decreased feed intake and growth rate were attributed to CDD and CDF . In addition, these cattle were described as having an increased incidence and severity of spontaneous diseases, specific and nonspecific lesions, and poor health. In other species such as the guinea pig, decreased body weight gain was the most sensitive clinical parameter (McConnell et al., 1978b) . The failure of different species exposed to CDD and CDF to gain body weight cannot be entirely related to decreased food intake (McConnell et al., ] 978a,b), but may be due to other effects such as malabsorption of nutrients from the gastrointestinal tract (Ball and Chhabra, 1981) . Forced (oral) feeding of rats intoxicated with 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD) during the terminal stages of the toxicosis did not alter the course of events (Putnam and Courmey, 1976) .
One factor that may have contributed to the poor performance in the 10 mg/kg tPCP calves is the suppression of blood thyroid hormone levels. Both Ta and T4 were significantly decreased, particularly after 3 wk of exposure. The site of this effect does not appear to be the thyroid, as suggested by two lines of evidence. The first was the lack of a treatment effect on thyroid function, as indicated by the unimpaired ability of the gland to biosynthesize T 3 and T4 in response to TRH challenge. The other evidence was the lack of discernible histologic changes in the thyroid; both follicle size and the surrounding epithelium were normal. McConnell et al. (1980) also reported decreased serum 1"3 and T4 levels in yearling cattle fed PCP, but unlike our findings, the changes were present in both aPCP-and tPCPtreated cattle. Moreover, they also observed an increase in the number of thyroid follicles in conjunction with decreased follicular size, and these changes were directly related to dose of tPCP. Similar changes in the thyroid with corresponding decreases in systemic levels of thyroid hormones have been demonstrated in rats administered PCBs (Collins et al., 1977) , PBBs (Allen-Rowlands ct al., 1979 ), or 2, 3, 7, 8-TCDD (Bastomsky, 1977 . The mechanism(s) of action underlying these effects has not been definitively elucidated. Moreover, given the interactive nature of the hypothalamopituitarythyroid axis, there are numerous steps where toxicants can possibly act (Hedge et al., 1981; Thomas and Bell, 1984) . First, as noted by Bastomsky (1977) in TCDD-or PCB-treated rats, induction of hepatic glucuronyl transferase increased the conjugation and biliary excretion of I"4, thereby lowering blood levels of the hormone. Although conjugating enzymes in the calves were not measured, we did find a substantial stimulation of hepatic monooxygenases . However, that response was highly significant in both the 1 and 10 mg/kg tPCP-treated calves, whereas decreased hormone levels occurred only at the higher dose. McConnell et al. (1980) concluded that increased biliary excretion could not explain decreased T3 and T 4 in their yearling heifers on the basis that there was no difference between aPCP and tPCP on serum T4 levels, and that neither aPCP nor tPCP stimulated p-nitrophenol UDPglucuronyltransferase. However, because there can be substrate specificity for these transferases (Tukey and Tephly, 1981) , and because T3 or T4 conjugation has never been measured directly in tPCP-treated cattle, increased conjugation and subsequent elimination should not be ruled out.
Another possible explanation for the decline in T3 and T4 levels is a decrease in the concentration of thyroid binding globulin (TBG). In blood, 99% of the thyroid hormones are bound to globulins (Guyton, 1976) . Since the free hormone acts in a negative feedback fashion on the hypothalamopituitary axis to regulate T4 biosynthesis via thyroid stimulating hormone secretion, decreased TBG would cause a concomitant decrease in T4 levels. Triiodothyronine is derived in large part from peripheral (extrathyroidally) deiodination of T4 (Hedge et al., 1981) . Although TBG was not measured, total protein, albumin and globulin concentrations decreased 23%, 18% and 30%, respectively, in the 10 mg/kg tPCP calves (table  6) . Moreover, elevation of serum GGT in the 10 mg/kg tPCP-treated calves is also indicative of liver damage. Another action that might mimic the condition of decreased TBG is the displacement of the thyroid hormones from TBG as has been shown in rats treated with polychlorinated biphenyl (Bastomsky, 1974) . However, McConnell et al. (1980) reported that PCP does not possess this ability in cattle. An additional factor that could have indirectly affected T3 and T4 concentrations is the anorexia; thyroid hormones in ruminants are known to decrease during weight loss (Blum et al., 1980) . The only evidences of hepatic injury were decreased serum protein levels and elevated serum GGT activity of the 10 mg/kg tPCP calves. The liver was not greatly enlarged and was free of histologic abnormalities. In contrast, MeConnell et al. (1980) reported both enlargement of the liver and hyperplasia of the mucosal lining of the gall bladder and bile duct in heifers fed tPCP for 160 d. Because bovine liver is known to accumulate CDD (Firestone et al., 1979; Parker et al., 1980) , the lack of hepatic and other effects in the calves was probably a reflection of the shorter duration of exposure in our study. McConnell et al. (1980) reported both histologic changes including atrophy of the germinal centers of the spleen, lymphoid hyperplasia, hyperplasia of the renal papillae and transitional epithelium lining the urinary bladder, and hyperplastic lesions in the abomasal mucosa, and other clinical changes, notably progressive anemia. The primary lesions observed in the 10 mg/kg tPCP-treated calves, thymic atrophy and squamous metaplasia and hyperkeratosis of the Meibomian gland, are characteristic of CDD and CDF toxicosis (McConnell and Moore, 1979) and were previously reported in cattle .
The kidney was a target of PCP, as indicated by the decreased uptake of p-aminohippurate, which typifies active tubular secretion of organic anions in the proximal tubule (Berndt, 1981) . Uptake of tetraethylammonium, which reflects active organic cation secretion, was not as sensitive to PCP. These same effects, which are probably due to the inhibitory influence of PCP on ATP synthesis (Weinbach, 1954) , were previously noted in adult dairy cattle fed 2 mg/kg tPCP (Kinzell et al., 1981) . There was no indication from either blood or urine clinical measurements, including 24-h creatinine clearance, that other kidney functions were altered. The lack of a PCP effect on gluconeogenesis or ammoniagenesis assessed in cortical slices also supports this conclusion. Although the impact or significance of the impaired active tubular secretion cannot be definitively concluded from this study, the results do indicate potentially compromised renal function. The combined results of the present and previous study (Kinzell et al., 1981) suggest that the degree of inhibition correlates closely with blood PCP concentrations.
The concentration of PCP in serum rose quickly and reached a steady state level of about 90 ppm within 5 d. Comparatively, the same dose level (i.e., 10 mg/kg) in adult Holstein cows resulted in a steady state concentration of about 40 ppm (Firestone et al., 1979) , suggesting an age or sex difference. A number of factors could account for this twofold greater level in calves, such as greater bioavailability of PCP in the gastrointestinal tract, greater binding to serum proteins, or decreased rates of metabolism or elimination. Whether the toxicity of PCP in calves vs older cattle corresponds directly with blood concentrations of PCP cannot be concluded from this experiment; however, it is our judgement that calves are somewhat more sensitive than adult cattle. Also, yearling cattle withstood a daily dose of 20 mg/kg for 42 d , whereas the same dose was lethal to three of six calves within 5 d. The ratio of unconjugated (free) PCP to conjugated PEP in blood of 1 mg/kg treated calves was about 60:40, which compared very closely with that observed in adult cattle .
Concentrations of PCP in both serum and other tissues were similar in aPCP • and tPCPtreated calves. In yearling heifers fed 15 mg/kg of either aPCP or tPCP, Parker et al. (1980) reported steady-state serum concentrations of unconjugated PCP in the tPCP-treated cattle to be significantly lower (57%) than the aPCPtreated cattle. They suggested this reduction could be due to induction of metabolic enzymes responsible for the metabolism of PCP. Because we reported previously that PCP metabolism in cattle is restricted to conjugation only and McConnell et al. (1980) reported that the hepatic conjugating enzyme glucuronyl transferase was not induced in tPCP-treated heifers, the lack of a difference in residue levels between treatments is not surprising.
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